SUMMARY Cross sectional echocardiography identified vegetations in 45 of 62 (73%) patients who had clinical evidence of active infective endocarditis. The sensitivity of this technique in diagnosing vegetations in infective endocarditis was 93% and the specificity 89%. The predictive value of a positive test was 96% and that of a negative test 800/o. Vegetations were detected with a similar frequency on the aortic and mitral valves. The incidence of valvar incompetence, congestive heart failure, and the need for surgical intervention was similar in the patients with and without vegetations. Embolism occurred in 47/o of those patients with vegetations and in 12% of those without. The mortality rate was 27% in those with vegetations, and no patient without vegetations died.
Some patients with infective endocarditis have vegetations which may be identified by echocardiography, and this finding has been suggested to indicate a poor prognosis with a high incidence of complications.I -3 Initial studies were, however, performed using M mode echocardiography,I-3 and this is less sensitive than cross sectional echocardiography in detecting smaller or anatomically less accessible vegetations.46 Few studies have been carried out that reassess the clinical significance of vegetations detected by wide angle cross sectional rediocardiography,25 and the surgical implications of this finding therefore remain controversial. The reliability of detecting vegetations by cross sectional echocardiography also requires careful assessment, as the differentiation of vegetations from other valvar abnormalities by M mode echocardiography is difficult.8 In this study we attempted to solve these problems firstly by reviewing our experience of the accuracy of diagnosis of vegeta- The subsequent clinical course and occurrence of complications were also noted and compared with the echocardiographic features. The results were analysed using Fisher's exact probability test for statistical significance.
Results
Of the 62 patients with active endocarditis, 45 (73%) ;.had vegetations identified by cross sectional echocardiography ( Figure) , and 17 (27%) had no evidence of vegetations. In two patients, vegetations were noted two and four weeks respectively after an initial echocardiogram had shown no evidence of vegetations. In 27 patients, the echocardiographic diagnosis of vegetations was subsequently confirmed at surgery or necropsy. Two patients had vegetations which were missed by echocardiography, and one patient had thickened aortic valve leaflets incorrectly diagnosed as vegetations. Eight patients were confirmed as having no evidence of vegetations on echocardiography or at surgery (true negative test). In 24 patients there was no confirmation of the presence or absence of vegetations. Using the standard formulae, the sensitivity of cross sectional echocardiography in diagnosing vegetations was 93% and the specificity 89%. The predictive value of a positive test was 96% and the predictive value of a negative echocardiogram for the absence of vegetations 80"/o.
The aortic and mitral valves were most commonly affected, with vegetations occurring with similar frequency in either of these positions ( Table 1 ). The underlying pathology predisposing to endocarditis in these patients was similar in patients with vegetations and in those without ( Paecilomyces varioti (fungal) 1 0 Culture negative 6 5 sectional echocardiography including pericardial effusion in 11 patients, para-annular aortic abscesses in two, and an aortic false aneurysm in one. Table 3 shows the organisms detected. Staphylococcus aureus was more common in the group of patients with vegetations. The other organisms were similar in those with and without vegetations. Table 4 shows the incidence of clinical complications in these patients. The indications for surgery in all cases were progressive valvar incompetence, severe or refractory heart failure, or uncontrolled infection despite adequate antibiotic treatment. Aortic valve replacement was performed in 25 patients, and mitral valve replacement in nine. Medical treatment alone was successful in eight of the 17 patients (47%) without vegetations but in only 12 of 45 (27%) with vegetations (p=0.09).
Embolism occurred from the aortic valve in 11 and from the mitral valve in nine. Nine of the 23 patients with embolism had Staph aureus infection, including four of those who died. The most common site of embolism was cerebral (12 patients) followed by coronary and renal (five each), and three patients with right heart endocarditis had multiple septic pulmonary emboli. The overall mortality rate was 19%, all deaths occurring in the group with vegetations. Eight of the 12 deaths were directly related to systemic embolism. Four deaths occurred in the group that was 
Discussion
The incidence of vegetations in 73% of the patients in our study resembles closely that reported in other studies using cross sectional echocardiography45l" and is higher than that reported using M mode echocardiography. 1 46 The difference in the results of the two methods is most likely to be related to the higher sensitivity of cross sectional echocardiography in detecting smaller and less accessible vegetations, a view shared by others.6 Although somewhat limited by the relatively small number of patients in the present study, the specificity, sensitivity, and diagnostic accuracy support the concept that cross sectional echocardiography is reliable and accurate in detecting vegetations in patients who have active endocarditis.
The site and morphology of vegetations seen by echocardiography were related closely to the surgical and necropsy findings. In the two patients who had vegetations missed by echocardiography, one had undergone the investigation six weeks before operation, and thus the vegetations may have developed during this interval; in the other there were abnormal, Vegetations in infective endocarditis thickened, fibrotic aortic valve leaflets that made the vegetations difficult to identify. A further patient had thickened calcified aortic valve leaflets that were mistaken for vegetations. Three patients had mitral valve prolapse with redundant leaflet tissue in whom the identification of separate vegetations was difficult, a problem also experienced by others. 12 13 Cross sectional echocardiography was useful not only in detecting vegetations but also in diagnosing other cardiac complications of infective endocarditis including pericardial effusion and aortic para-annular abscesses. The assessment of left ventricular dimensions and function was also of major benefit in assessing haemodynamic function and frequently averted the need for preoperative cardiac catheterisation in this group of critically ill patients.
Vegetations were found with a similar frequency on the aortic and mitral valves, and complications from either site occurred equally. This contrasts with the findings of Come et al, who found a higher incidence of complications from aortic vegetations,"4 though this was not the experience of others. ' 27 The organisms detected were similar in patients with and without vegetations, apart from the higher incidence of Staph aureus in those with vegetations. Takeda et al reported a similar finding. 5 The incidence of valvar incompetence, congestive heart failure, and the need for surgical intervention was similar in patients with and without vegetations. Lutas et al also found a similar incidence of these complications in the two groups in their series of 77 patients.7 This contrasts with several previous studies that reported a higher prevalence of these complications in patients who had vegetations. i-I This difference could be explained by the suggestion that cross sectional echocardiography is more sensitive in detecting smaller and anatomically less accessible vegetations, which are less likely to cause valve destruction and the consequent haemodynamic disturbances. We cannot exclude, however, the possibility that differences in referral patterns or in patient populations may be responsible for the variation in the results of these studies.
The incidence of embolism and the mortality rate were both related to the presence of vegetations on echocardiography, a finding shared with several previous studies.3 "'Almost half the patients with vegetations in our series subsequently had emboli, and the majority of deaths were directly related to systemic embolism (eight of 12). The size of the vegetations was also relevant in that no emboli occurred in patients who had a vegetation that was -5 mm, though two patients had no vegetations and suffered emboli. The morphology of the vegetations was much less helpful in predicting complications. Medical treatment alone was successful less often in those with vegetations (29%) than in those without (47%), though this difference was not statistically significant. In the group with vegetations, 19 patients who suf-313 fered emboli did so during medical treatment, and six of these subsequently underwent valve replacement. Two patients treated surgically had emboli perioperatively that were possibly related to dislodgement of vegetative material during excision of the infected valve. Thus medical treatment was more likely to be complicated by embolism. Four deaths occurred in the surgically treated group of 24 patients compared with eight in the 21 patients treated medically.
These findings considered together suggest that the presence of large vegetations detected by cross sectional echocardiography identifies patients with infective endocarditis who have a high incidence of embolic complications and death. We recommend that early surgery is considered in patients with infective endocarditis and large vegetations in view of this high risk of embolism. The decision regarding surgery, will, however, remain an individual one based on all the clinical aspects of each case.
